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Abstract 

Ground and spacecraft based polarization observations of Uenus had 
detected the signature of the so called 1-micron radius cloud particles 
that constitute the main cloud deck on Menus, as well that of 
sub-micron sized particles that form a haze above this main cloud layer. 

Hhether such observations showed any local clustering or organization 
in the polarimetry data remained uncertain until the relatively high 
resolution observations from the Pioneer Menus Orbiter Cloud 
Photopdl arimeter (OCPP) became available. This investigation concerned 
itself towards studying the available polarization data from this 
instrument to see whether local organization was present, to study the 
morphology of such features or polarization clouds, and finally, to see 
if they can be followed in a sequence of observations to study their 
motions. 

The results are as follows: <i> the polarization observations do 
show local, organized features whose morphology is similar to that of 
the ultraviolet clouds, <ii) their lifetimes (for features of several 
thousand Km size) is at least on the order of a day, (iii) the large 
scale features show the same retrograde motions as do the ultraviolet 
clouds. The speed of such movements is approximate! y 100 ms-l, quite 
comparable to that of the ultraviolet clouds, (iv) the direction of 
polarization <i.e. the angle which the electric field vector makes with 
the local scattering plane) also shows "features* which are correlated 
with the polarization features as well as the ultraviolet clouds, at 
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soma phasa anglas. (v) tha contrast, dafinad in tarms of tha dapartura 
from a simpla ^cattaring law such as Minnaart^s scattaring law, shows 
that it is maximum around 60o phase angla and than gradually decreases 
with higher and lower phasa angles. Tha contrast reaches a value of 
about 30 '/, at the shortest wavelength at maximum. 
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1. Introduction 

Polarization studies o-f Venus have been crucial in learning the 
nature of the clouds on Venus. The ability to obtain a decent phase 
angle coverage -from earth based telescopes albeit at relatively low 
spatial resolution has been a deciding -factor in these studies (Lyot 
(1929), Hansen and Hovenier (1974), Kawabata and Hansen (1977), Travis 
(1977), Dollfus et a1 . (1979), Lane (1979), Esposito and Travis, 1982. 
Almost all o-f these studies however were restricted to finding the 
microphysical properties o-f the clouds and haze layers on Venus. The 
relatively high spatial resolution -for polarimetry data of-fered by the 
Pioneer Venus Cloud Photopolarimeter (OCPP) has been beneficial in this 
regard as wel 1 . 

The low spatial resolution of the earth based polarimetrxc 
observations precluded regional or local scale studies of the features 
seen in these observations although the observations of Lyot indeed 
suggested that such organization was probable. It was long suspected 
that these features were formed by some type of clouds. What was not 
Known was how stable was the morphology of these features, how were they 
formed? What was the relationship with the darK ultraviolet clouds seen 
in the unpolarized light? These and other questions could be answered 
only after the greater spatial and temporal resolution observations from 


the Pioneer Venus mission became available. 
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Th« Pionetr W«nus mitsions have b«*n describtd by Colin and Huntan 
(1977) and by Colin (1979). Tha Orbitar Cloud Photopol arimatar 
inatpumant has baan datcribad by Russal at al . <1977) and by Travis 
(1979). Rasul ts on tha polarimatry as wall as tha imaging 
investigations parformad -from tha data obtained by this instrumant hava 
been prasantad by Travis at al . < 1979a, b), Rossow at al . (1980), 
Kawabata at al . (1980) and also by Esposito and Travis (1982), Limaya at 
al . (1982) and Oal Ganio and Rossow (1982). Early results ^rom tha 
present investigation ware prasantad by Limaya ( 1982a, b). 

This report describes in detail tha results obtained on tha 
regional structure of tha detail seen in tha polarization data in terms 
of both magnitude and direction, their life times and tha ability to 
follow them over a period of time, as wall as their relationship with 
the ultraviolet clouds. 

2. Tha Polarimatry Data 

a. Tha OCPP Instrumant 

Tha polarimatry data on Oanus used in this work was obtained by 
tha Pioneer Venus OCPP instrumant during tha nominal and extended 
missions <8 December 1978 to 27 July 1980). Data was obtained on nearly 


180 orbits during this period and was analyzed. The data coverage is 
not continuous in time due to several reasons- the chief ones being the 
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fact that OCPP is also ustd to par-form imaging invastigation , and 
sacondly tha phasa angla covaraga variat as Vanus movas around in its 
orbit and thus no data is obtainad whan tha OCPP is ab*a to viaw only 
its night sida. Finally, ground racaption o-f the data transmitted -from 
tha Pioneer ^enus Orbiter is not always possible due to con-flicts with 
other space missions. The detailed working of the OCPP instrument is 
described by Russel at al . (1977) and by Travis (1979', However, for 
the sake of completeness a brief summary is presented below. 

The Pioneer Venus Orbiter spacecraft moves around Venus in a 
highly elliptic orbit (eccentricity>B8.845) inclined at about 105owith 
the orbital plane. The periapsis point is located in the Venus northern 
hemisphere at approximately 20° latitude. The OCPP instrument 
primarily consists of a Oall-Kirkham telescope with a 3.7 cm aperture 
and a 17.5 cm focal length. The telescope is mounted near the periphery 
of <he drum shaped orbiter spacecraft that is spin stabilized at a 
nominal rate of 5 RPM. The principal axis of the telescope is in the 
plane containing the spacecraft spin axis, and can be pointed at many 
discrete positions between 45 and 1350 angle with the positive spin axis 
of the spacecraft. The spacecraft attitude is maintained so that the 
positive spin axis of the spacecraft points tw«<ards the south ecliptic 
pole. Thus, as the Orbiter moves around Venus in its orbit, the OCPP 
telescope f ield~of~view (FOV) is swept across the disk of Venus. The 
spacecraft motion results in the translation of such successive scans 
providing the necessary cross-scan coverage for full disk imaging. Due 
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to th« high oniptlcity orbit th# intt«nt«ntouf rang# to Vonus di«K 
changot lubatantial 1y which rasulta in a substantial ovsrlap o4 th« 
succcssiva scans n*ar tho apoapsis portion of tht orbit, and a 
substantial undtrlap n«ar the p«ri apsis portion of tht orbit. It is 
gtntrally not ntetssary to step th# telescope during the :overage of a 
single full disk observation. 

The light gathered by the telescope passes through one of the 16 
filters/retarders nounted on a rotatable wheel near the focal plane of 
the telescope. There are three filters each for four wavelengths: 270, 
36S, 350 and 935 nm. Another set of filters and retarders mounted in 
front of the filter wheel makes it possible to obtain polar imetry mode 
observations at the four wavelengths so that the retarder fast axis 
makes angles of 0, 22.3 and 43o relative to the instrument plane. A 
Wollaston birefringent prism divides the resultant light into two parts 
which are polarized at right angles to each other. A set of silicon 
photodiodes generate an electrical signal corresponding to each of the 
four wavelengths which is then digitized and then transmitted to earth. 
It takes three successive scans at each wavelength to determine the 
linear polarization and the direction of polarization along with the 
intensity. A fourth scan provides calibration data. Thus a total of 16 
spacecraft rolls are required to acquire polarization data over the 
essentii’ly same portion of Venus at four wavelengths. The relatively 
low resolution in the polarimetry mode (compared to the imaging mode) 
results in a very small change in the viewed scene over the 16 rolls of 
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thf Orbitor (6.5 x 8 mrad) . A rit* of 9.52 msec providtt « 

maximum of 136 stparato moaauromont* in a lingtt scan across Vsnus. 

b. Th« OCPP ObssTvations 

Tabis I lists tht full disk polarimstry maps ussd in this study. 
Tht observation time, the phase angle, the sub^spacecraf t point on 
Venus, etc. are tabulated corresponding to the map center time (i.e. 
when the OCPP optic axis passes through the center of Venus during a 
fun disk observation). The total phase angle coverage is quite good 
although the temporal coverage is rather sporadic. In many instances 
however more than two observations per 26 hour orbit were acquired thus 
enabling examination of the polarization features for a longer time. As 
was mentioned earlier, the possibility of following the polarization 
features over a period of time as indicators of atmospheric motion was 
one of the goals of this investigation, and for this purpose such 
coverage is Important. 

Figure 1 shows the phase angle coverage obtained in terms of full 
disk observations. It should be pointed out here that the phase angle 
at any point on the visible disk of Venus (to the Pioneer Orbiter 
spacecraft) can be somewhat different from its value for the Venus 
center due to the fact that the spacecraft is never more than 
approximately 11 Venus radii away from the planet, and is frequently 
closer for most of the OCPP observations. Consequently the phase angle 
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in a givan 'full di«K obtarvation can vary by at much at 6 to 18o ovar 
tha ditK 04 Vanut about tha phata angla at tha cat* tar o4 Manut. For 
aach map tha amount of linaar polarization (X), tha unpolarizad 
intantity, tha calattial co**ordinatat on Manut of aach obtarvation 
point, tha cotinat of zanith anglat of tha OCPP and tha tun and tha 
diraction of polarization ara availabla. Tha diraction of polarization 
it tha angla batwaan tha local tcattaring plr.nt and tha diraction of 
vibration of tha alactric fiald vactor. Tha local tcattaring plana it 
dafinad by tha tun-OCPP and tha point on Manut baing obtarvad. By 
convantion, polarization it tarmad at potitiva if tha diraction of 
polarization it within 45o of tha normal to ;ha tcattaring plana, and 
nagativa if tha diraction it within 45° of tha local tcattaring plana. 

c . Data Format 

For tha purpota of ttudying ^ha morphology of tha poalrization 
faaturat tha polarization data (both tha magnituda and diraction) wara 
raprasantad at two dimantional imagat. Tha imaga rapratantation of tha 
data hat tavaral advantagat: tha imagat provida a convaniant was 
looking at a larga amount of data pointt on tha planat at onca, aithar 
on a imaga procatting tyttimt whara iv' can ba aatily manipuiatad, or at 
at hard copy. Additionally, tima tariat of tuch imagat can be 
conttructad to ttudy tha tamporal avolution of tha faaturat and ttudy 
thair morphology and movamantt. Tha imaga rapratantat iont of diffarant 
guantitiet can ba comparad to taa if thara ara any obviout ral ationthipt 
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that can b« furthar quanti tativaly ttudiad, ate. In ganarating such 
imaga rapraaantationa, whara a givan data numbar napraaanting a givan 
crightnata la ralatad tc tha obaarvad quintlty in ao«a mannar, it ia 
nacaaaary to uaa aoma knotun co-ordinataa. In ^>ha fM'aaant caaa tha Vanua 
(calaatial) coordinataa wara uaad to conatruct two dimanaional latituda 
longityda mapa. 

Tha notainal raaolution for thaaa mapa waa choaan to ba lo of 
latituda and Ijngituda ao that a full d' ak obaarvation could be 
rapraaantad aa an imaga with a aiza of 181 x 181 imaga atamanta, or a 
latitudinal covaraga of 90ONorth to 90O South and a longitudinal 
covaraga of 990 about tha aub-aolar point to tha aaat and waat. Tha 
ralativaly larga fiald of viaw of tha OCPP inatrumant howavar yialda a 
data raaolution of 2 to 5 timaa tha map raaolution ovar many parta cf 
Vanua. Thua many pointa In tha map rapraaantation ara unfillad dua to 
lack of data. For coamatic raaaona tharafora, thaaa pointa ara fillad 
in by bi-*linaar intarpolation of tha obaarvationa about thoaa pointa. 

Tha aimpla rectangular map rapraaantation of tha data producaa 
aavara diatortationa in tha faatura ahapaa at high latitudaa and 
tharafora tha data wara alao mapped into polar ataraographic projactiona 
for both tha northern and tha aoutharn hamiapharaa aa wall. Thaaa 
polar projactiona make it aaaiar to atudy tha pattarna ^4 tha cloud 
forma at higher latitudaa. 


Polarixation F«*turt« on Utnus 


ORlQfNAL PAGE (9 

OF POOR QUALITY * ^ 

Two typos of testings woro used for the polarization amount to 
generate the image representations. First type of representation was 
the linear scaling of the polarization amount: the observed positive 

polarization amount was scaled into digital image brightness numbers 
between 12? and 255 and the negative polarization was scaled linearly 
between 8 and 127, with the 128 data number depicting the zero percent 
polarization amount. The maximum and minimum polarization amounts that 
determined the actual scale factors were determined for each observation 
and each wavelength separately in order to maximize the apparent 
contrast in the image rendition. The drawback of this type of scaling 
is that it is difficult to compare two different maps as they will in 
general have different scale factors. 

In order to alleviate this problem, a second type of scaling was 
simultaneously used: logarithmic scaling. With this type of scaling the 
positive and negative polarization amounts were separately scaled 
logarithmically into two separate image renditions so that the data 
number range 0 to 255 spanned the polarization range 8.15 to 188 V, 
I ogar i thmical I y. 

The direction of polarization as linearly scaled between data 
numbers 188 and 1?8 as follows: 


Data Number (DN> ■ 188 + [Direction! (Degrees) 
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The direction which can be between -98 and <’90o reduced to an 
absolute 'cale -front 8 to 98o prior to scaling. 

In order to -facilitate comparison between the features seen in the 
polarization amounts, the direction of polarization and the unpolarized 
intensities (at least the two shortest wavelengths), the unpolarized 
intensities were also linearly scaled and rendered as images. Similar 
to the linear scaling of the polarization magnitude data, the observed 
intensities were scaled between 8 and 255, so that the scale factors 
were once agai*' different for each map and each wavelength. 

Finally, the image renditions of the polarization amount, the 
direction, and the unpolarized intensity in both the rectangular and 
polar representations were produced as a single composite product for 
each wavelength of each full disk observation. Figure 2 shows an 
example of such a composite for each wavelength of a single observation 
in each of the four wavelengths. The first row in each composite for a 
given wavelength represents the linearly scaled linear polarization 
amount. The left most sub-image represents a rectangular map from the 
north pole to the south pole and centered around the sub-spacecraft 
point. The two right column positions in this row represent 
respectively the northern and the southern hemispheres in polar 
projections centered about the respective poles. The latitude lines are 
thus concentric circles about the center point, with the equatorial 
circle touching the edges of the sub-image. The middle row represents 
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the unpolarized intensity, with the rectangular map on the le-ft and the 
two polar projections on the right in the same format as the 
polarization amount. The bottom row in each composite represents three 
rectangular projection maps — the left one represents a logarithmically 
scaled rendition of the positive polarization, the middle one the 
negative polarization amounts, while the right most sub-image 
representing the variation of the direction of polarization over the 
disk, once again in the rectangular projection. 


Poltrizition F«atur#« on V*nu» 


ORIGINAL PAGE 19 
OF POOR QUALITY 

3. Results 

The primary goal was to see i-f the polarization -features were 
localized into discrete -features, and whether they could be tracked. It 
is obvious -from the data shown in Figure 2 that indeed detail can be 
seen in the polarization amount. Variation is seen on a local scale in 
the positive as well as negative polarization amounts. Whether the 
observed polarization is positive or negative depends not only on the 
wavelength o-f observation, but also on the nature o-f the scatterers in 
the atmosphere. The sub-micron sized haze reported by Travis et al . 
(1979) in the polar regions, -for example, produces a positive 
polarization at 935 nm, as can be seen in Figure 2. It is also apparent 
that the structure seen in the polarization magnitude variation over 
the disk is somewhat similar to that seen in the unpolarized intensity 
data at least at the two short wavelengths. Examination of other OCPP 
observations taken at other phase angles also show similar -features, but 
to a varving degree. Several examples are shown later in Figure 10. 
However, a great variability is seen in the “visibility* o-f such 
features at all wavelengths. At low and high phase angles the short 
wavelengths do not show detail to the same degree as at moderate phase 
angles (40-700). 

It could be expected that the sub-micron responsible for at least 
some of the detail seen in the 935 and 550 nm polarization data, was 
likely to be variable in terms of its thickness etc., but that in itself 
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probably docs not account ^or th«r onormoua variability seen in the 
polarizatici -features. It is quite likely that at least some o-f the 
-features seen in the polarization data are related to the ultraviolet 
contrasts as has been suggested -from time to time (see Travis, 1975) . 
It is therefore necessary to understand what relationship if any exists 
between the ultraviolet contrasts and the polarization data. 


3.1 OCPP intensity Data: Observed Contrasts 

No detail in the appearance of ^lenus is seen at all but the 
shortest (ultraviolet) wavelengths. The OCPP data is available at two 
short (278 and 345 nm) and two long wavelengths (550 and 935 nm) . 
Mariner 10 images of Oenus taken through the orange filter did show some 
contrast near the edge of the bright polar cloud (in ultraviolet). The 
polarization data however shows a wealth of detail in not only the 558 
nm channel but also the 935 nm data at moderate phase angles (56 to 
70o> . From the example shown in Figure 2 it is evident that at least 
some phase angles there is a substantial correlation between the 
features seen in the polarization amount and the short wavelength 
intensity data. 

However, before the relationship between the the observed 
polarization features and those seen in the unpolarized intensity data 
can be quantitatively studied, the effects of the varying observing 
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geometry on the data have to be removed. Kawabata (1981) has 
investigated the effects of such geometry variation on the polarization 
amounts. Unlike the ground bases observations, where the distance of 
the observer is very large compared to the radius of the planet, the 
Pioneer observations of Venus are obtained from a close proximity to 
Venus (32,988 to 66,888 Km approximately). Kawabata^s results obtained 
'T;y modelling the Venus atmosphere show that the observed polarization 
amount is sensitive to the ratio of the observer distance to the radius 
of the planet, and that the larger the ratio the smaller is the 
variation in observed polarization with the variation in the observer 
distance. These effects primarily arise out of differing scattering 
angles for differnt points on the p1anet''s visible disk. Ur fortunately, 
the dependence of the observed polarization on the scattering geometry 
cannot be easily modelled, and hence is not explicitly addressee* in this 
study. 


The situation with the unpolarized intensity data is fortunately 
somewhat simpler, where indeed the effects of the varying scattering 
geometry can be modelled with some ease to a large extent. This removal 
of the effects of scattering geometry or "normalization" is discussed 
next . 

Intensi tv Normal ization 


The observed intensity at any point on Venus however varies 
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substantially not only due to real albedo dif'terences on Venus, but also 
in large part due to changing viewing geometry: the solar and OCPP 
zenith angles and the azimuth angles are different for each point on 
Venus. This spurious effect can be eliminated by 'normalizing* the 
observed intensities to a standard geometry to reveal only the real 
albedo differences. Such normalization procedure has been previously 
used by Limaye *nd Suomi <1977) to elucidate cloud cover differences on 
Venus. This normalization procedure requires the use of a particular 
scattering model or law. In this case considering the large amount of 
phase angle coverage available at all four wavelengths, it was decided 
to consider the Minnaert Scattering law which depends only on the 
cosines of the illumination and viewing angles: 

or , 1 n < I/*') - ^ 

Thus, on a log-log plot, if the Minnaert law is applicable to the 

present case, /am . , 

' ^'0 should produce a linear plot. A value of 1 for 

k corresponds to the case of Lambert's reflection law. Figure 3 shows 
several examples of such a plots for all the four wavelengths, and 
different phase angles. The solid lines in each case depict the least 
squares fit to the data. As is apparent from this figure, Minnaert law 
appears to be quite applicable to the data. The simplicity of the 
Minnaert scattering function and the apparent good quality fit to the 
data suggested that this law could be used adequately for removing the 
scattering geometry effects from the unpolarized intensities at all four 
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Usually one would expect that the normal albedo, or the Minnaert 
intercept would be constant over observations covering all phase angles. 

This however is not the case in the present situation. Figure 4 shows 
the variation of a^ 3 ^ 5 ^ 553 ^35 , function of 

phase angle. Note that the scale for the normal albedo is logarithmic. 
Up to 1000 phase angle the variation in a^ j, At 365 nm one can 

even detect the somewhat higher value of the normal albedo between 15 
and 200 phase angle that is undoubtedly related to the cloud bow effect 
of the l.l,t< cloud particles. Beyond about 100O phase angle the normal 
albedo increases dramatical ly. 

Most of this variation is however likely to be spurious due to 
several limiting factors. First of all, the high phase angle 
observations represent a predominant sampling of the high (southern) 
latitude regions of Venus in the OCPP data, and are thus somewhat 
biased. It is known that at short wavelengths the albedo of the cloud 
cover on Venus is higher by almost 58 ‘A in the high latitude regions, 
and thus somewhat different Minnaert coefficients can be expected. 
Secondly, Minnaert law does not take into account the effect of the 
varying azimuth angle, and is thus unrealistic to sone extent. Further, 
at these high phase angles Minnaert law is frequently inadequate to 
fully describe the limb darkening as is evident from the plots of I// 
Versus u fu 

Q on a logarithmic scale, and from the coefficient of 


PoUrization F*atur#« on Vonuf 


ORIQtNAL PAGE 19 

Of POOR QUALITY ly 

dottrmi nation o^ th« linoar roUtionahip bttwaon logarithm o-f I/u and 

Th# variation of this coofficiant <tha linear correlation 
coefficient i« given by the square root of this quantity) for the data 
analyzed is shouin as a function of phase angle for the four wavelengths 
in Figure 5i As can be seen, the correlation between In(I/4) and 

^n</^/«,) decreases very rapidly beyond about 140° phase angle, but is 
quite good up to about I00o phase angle. 

The dependence of the limb darkening exponent, is also found to 
have a small phase angle dependence for small to moderate values of 
phase angles as can be seen from Figure 6. The variation of k at the 
high phase angles can also be traced to the same problems as for the 
normal albedo, as discussed previously. 


Contrast in Intensi tv Data • 

The use of a scattering law affords a side-benef i.t as well. The 

departure from the predicted intensity of the observed value for all 

points on the disk of ^enus is a good measure of the ‘contrast*. The 

use of such a definition allows one to easily calculate the contrast as 

a function of wavelength that is more objective a measure than by 

selecting the darkest and brightest points observed as is done usually. 

The second Benefit is that at least in terms of the Minanert scattering 

law, where the coefficient a . it • * i i . 

0 (representing the intercept on a log-log 
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scale) is the intensity predicted -for norma) incidence and norma) 

viewing <both>u *nd/M^ , jj ^ variation with phase ang)e is akin to 
the variation of norma) ‘apparent* aibedo with phase ang)e, or simi)ar 
to the phase curve of Uenus. 


The fact that the contrast observed at the four OCPP wave)engths 
i5 phase ang)e dependent it indicated by the ‘spread* around the least 
squares fit )ine on the Minnaert p)ots (Figure 3). Note the great)y 
reduced scatter around the )east squares fit )ine at the )ow phase ang)e 
observations (Figure 3a, b). In contrast to that at moderate phase 
ang)es a much greater scatter is seen about the least squares fit )ine 
at a)) wave)engths (Figure 3d,e,f) . The contrast can thus be defined in 
one of two ways, re)ative to the average scattering function: an 
absolute departure from the intensity expected from the scattering )aw, 
or, a root mean square (RMS) deviation from the scattering )aw. Both 
the abso)ute contrast and the I^S contrasts are shown in Figure 7 (a and 
b respect ive)y) as a function of disk center phase ang)e for the four 
wave)engths. 

Po))ack et a). ( !988) and Esposito (1980) have a)so presented 
contrast measurements as a function of phase angle at 3d5 and 240 nm 
respective] y. However, they ca)cu)ate the contrast between the 
brightest and the darkest point on the p)anet as opposed to the 
departure from a scattering )aw. Even then, the functiona) dependence 
they obtain for the ensemble average of the maximum contrast determined 
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-from a numbar of OCPP imagts i« aimilar to that praaantad htr#. Thua, 
tha contraat paaKa at 365 nm at around 60o phaaa angla and dacraaaaa 
atmoat linaarly bayond that point aa tha phaaa angla incraaaea. Tha 
polarimatry moda data indicata that tha contraat can vary aubatantial 1y 
at low phaaa anglaa and tha variation ia maximum at tha two ahortar 
wavatangtha. At 273 nm tha contraat paaKa at around 53 to 63ophaaa 
angle, wharaaa at tha two longer wavalangtha, 550 and 935 nm tha maximum 
contraat (approximately 4 '/.> ia obaarvad at approximate! y 140 o phaaa 
angla. An intaraating feature at thaaa two longer wavalangtha ia tha 
alightly enhanced contraat (around 2.5 '/.) in tha unpolarizad intensity 
at tha cloud-bow phaaa angla of 18° for the 1.1 /4 radius cloud 
particles. 

Tha scatter seen in tha contraat vs. phase angle plots is due both 
to tha variable amount of contrast present on Menus as wall aa a 
temporal dapandanca aa tha clouds evolve. Further, no distinction has 
bean made between tha different solar azimuth angles for the 
observations. Thus any variation in tha contraat at a given phaaa angla 
due to morning or evening hamiaphara scattering geometry is also 
included in tha figure. Tha RMS contrast shows tha same behaviour as 
the absolute contrast at tha four wavelengths. 

3.2 Correlation between Observed Polarization and Contrast 


Tha relationship between tha observed polarization amount and tha 
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contrast (at Itast at the short wavelengths in the ultraviolet region 
where there is some observable contrast) has been o4 some interest -for 

some time as it may provide a clue to the identity o^ the ultraviolet 

absorber(s) responsible for tho observed contrasts. Until the Pioneer 
Uenus OCPP data became available much confusion has existed regarding 
the possible relationship between the observed contrast and the 
associated polarization amount ''Travis, 1975). The question often asKed 
is whether the bright clouds have greater associated polarization than 
the dark clouds or vice versa? Esposito (1988) investigated this 

question from a limited amount of OCPP polarimetry data and found a 
marginally significant positive correlation between contrast and 

polarization at 270 and 345 nm (r2 . 0.10 at 270 nm and • 8.11 at 345 

nm) . Thus, dark clouds have greater polarization and possibly point to 
a polarizing absorber. However, this correlation can also be explained 
(see Esposito and Travis, 1982) without requiring any polarizing 

absorber at all- the dark clouds are darker due to fewer photons, thus 
indicating less multiple scattering than bright clouds, and hence have a 
greater polarization which is largely due to singly scattered light. 

The relationship between the ohoerveo polarization and the 

observed contrast in the unpolarized intensity data was investigated in 
the present study by determining the linear correlation coefficient 
between the observed polarization and the departure from the Hinnaert 
scattering law for the unpolarized intensity for the observed point. 
Thus a positive value for the deviation corresponds to a 'bright* 
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ftitur* and vie# vtria. Th« variation oi tht corrolation coo'f-f iciont 
batwttn th« magnitudo cf th« obtorvtd polarization and th* inttntity 
deviation 'from the Minnaert law for each of the four wavelength* it 
shown in Figure 8a. Although the correlation it weak in all catett a 
dependence on phase angle it apparent. The correlation between 
polarization and contrast it especially complex at it flip-flops between 
positive and negative values with phase angle. It it easy to see why 
the early results were often contradictory as they did not refer to 
specific phase angles. Nevertheless, the relationship between the 
observed contrast and the polarization remains a puzzle. 

Csposito and Travis (1982) show that the observed polarization for 
the dark and bright (in thv ultraviolet) clouds have different phase 
angle dependence »t the shorter wavelengths. At 590 nm they report no 
difference between the dark and bright feature polarization. Their 
contrast data are obtained from the same meridian and is calculated from 
the darkest and brightest points on that meridian. 

From an analysis of more data from both the Orbiter Ultraviolet 
Spectrometer (OIWS) and the polarimetry data from the OCPP instrument, 
Esposito and Travis have recently shown that the submicron haze and 
polarization are anticorrelated. The darker areas have slightly lower 
cloud tops (approximately 1.2 9.6 km) and the brighter areas have an 

excess haze over them. The results obtained in this study are 

consistent with this interpretation in many cases, although some 
exceptions have been noted. Presumably these apparent inconsistencies 
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may bt duo not only in tho amount of th# hazt matoria! prttont but also 
duo to variations in sizo distributions of tho hazo particlos. 

3.3 Corrolation botwoon Obsorvod Polarization Amount 
and Diroction of Polarization 

PiQuro 8b shoMS tho phaso anglo dopondonco of tho corrolation 
coofficiont botMoon tho obsorvod polarization amount ('/.) and tho 
diroction of polarization '.0 < 6 < 90o >. According to tho convontion, 
polarization is positivo if tho diroction of pol^rizatio^ is within 4So 
of tho normal to tho scattoring piano and nogativo if it is within 45o 
of tho local scattoring piano. As will bocomo apparont, tho 
polarization diroction is obsorvod to show local izod foaturos that 
corrospond to tho ultraviolot contrast foaturos as wol i as tho 
polarization magnitudo foaturos. It is thoroforo of intorost to soo what 
corrolation exists hrtwoon tho diroction of polarization and tho 
polarization magnitudo, as a function of phaso anglo. Tht' curves in 


Figure 8 indicate that 

tho corrolation is 

phaso 

dopondon t 

wi th 

a 

di fforont 

behaviour 

at each wavelength. 

Except 

at 933 

nm 

tho 

corrol ation 

coofficiont 

approaches perfect corrolation 

(r2 ■ 

1.0) 

at 


many phaso angles near 18o and 60O for 270 nm data, 180, and d0-70o for 
tho 343 nm data, and 18<» and 150-1400 for thf 350 nm data. At 933 nm 
tho maximum corrolation obsorvod is only 0.8 near 30o «nd 140O phase 
angle. At 343 nm tho corrolation decreases to 0.1 near 30, 110 and 150o 
phaso angles. Similar decrease is obsorvod for tho 270 nm data as well 
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although to a much less pronounced extent. 

For the sake of completeness Figures 9(a,b,c) show the average 
direction of polarization, the absolute polarization amount and the 
average intensity as a function of phase angle, respectively. Note that 
the averages represent disk integ'^ated values and are not area 


weighted. 
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3.4- Morphology o-f Polarization Features 

Figure 18 presents a montage O'f 38 full disk observations roughly 
spaced at 5o phase angle for all four wavelengtr.s. Along with the 
linear polarization, the unpolarized intensity maps at 278 and 365 nm 
are also presented ( 18e and 18f> . The observation numbers are given in 
Table II. Note that all the polarization images were linearly scaled to 
represent both the positive and negative polarization amounts 
individually so that the same brightness does not necessarily represent 
the same polarization amount from map to map. 

At 278 nm little detail is seen in most of the observations. 
There are several reasons for the low contrast seen at this wavelength 
in the polarization data. First of all, the sensitivity of the detector 
used at this wavelength is poor compared to say at 365 nm. This leads 
to a reduced ability to detect small changes in pol arization . Secondly, 
this wavelength is quite sensitive to Rayleigh scattering within the 
Venus atmosphere. Thus small variations in the amount of gas or haze 
particles over the main cloud deck cause a substantial variation in the 
observed polarization. The range of observed polarization amounts is 
thus very high at this wavelength leading to a difficulty in detecting 
small local seal' contrasts that we are looking for. 

At 365 nm comparatively much greater structure is seen at most 
phase angles. Sometimes patches of very high polarization show up over 
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the visible disk such about 45 o phase angle. Very little detail is 
seen at phase angles between 0 and 30o. At higher phase angles the 
structure seen in the polarization amount is very similar to that seen 
in the unpolarized intensity data <lle, IH). 

In contrast, the two longer wavelengths show much greater 
structure and contrast especially at phase angles between 58 and 90 o. 
However, in some instances, a puzzling lack o-f detail at these phase 
angles has been noticed in successive observations on the same orbit. 
The reasons -for this sudden absence o-f detail are unknown. At 558 nm 
the signature o-f the 1.1// radius cloud particles is also clearly 
visible as the *c1oud bow*, a region of very enhanced polarization 
amount over most of the Venus disk at the 15 to 20o phase angle 
obervations. 

The prominent features in the polarization images are the 
signature of the cloud-bow near the 18 o phase angle for the 1.1// 
radius main cloud layer particles. At other phase angles the visibility 
of the features is not as high as near 48o phase angle. The remarkable 
similarity of the shapes and sizes of these polarization features to 
those seen in the ultraviolet intensity data can be clearly seen. 

Frequently the polarization data shows "bow-shaped* features that 
are often seen in the ultraviolet images of Venus. The resemblence in 
size and shape of these features is similar that it is indicative of the 
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Fact that the same cloud is responsible For both the ultraviolet 
intensity contrasts and the polarization structure. The 935 nm 
polarization over the bright arms oF the bow shaped Features which are 
bright in the ultraviolet light is negative. This may or may not be 
consis*-’nir with the model proposed by Esposito and Travis (1982) that 
the bright Features in ultraviolet have a greater amount oF sub-micron 
haze over them, the excess optical thickness being 0.1 at 935 nm. 
According to Kawabata et al . (1980) an optical thickness oF about 0.2 at 
935 nm is suFFicient to produce a signiFicant positive polarization in 
the polar regions (the index oF reFraction they used For the haze 
particles at 935 was 1.46 whereas Esposito and Travis use a value oF 
1.43 For the sub-micron particles). 

Structure has also been observed at times in the direction oF 
polarization data, although to a much lesser degree. It is not known 
why such variation in the direction oF polarization on a local scale is 
seen only at some times and not at others as well as only at certain 
phase angles. Figure 11 shows the structure in the direction data seen 
in observation M 38 at the 365 nm wavelength. 

3.5 Movements oF the Polarization Features 

The Fact that discrete isolated Features are seen in the 
polarization data immediately leads to questions such as — "how Icng do 
these Features last? Can they be Followed From one observation to the 
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next? How do their motions relate to those oi the ultraviolet clouds?“ 
etc. Fortunately, the OCPP observations covered several periods when 
more than one observation was obtained per orbit (see Table I>. In 
some "ases -four full disk observations were obtained on a single orbit 
spanning a time period o-f over 28 hours. It is thus possible to see how 
the polarization -features shCM up in these consecutive observations. 

Figure 12 presents several time sequences o-f -four polarization 
observations per orbit. The polarization amount has been linearly 
scaled with the 128 DN representing the zero percent polarization 
amount. The central meridian in each of the observations is chosen to 
be the sub-solar meridian. The bow like features seen often in the 
ultraviolet images show up in the polarization amount at all four 
wavelengths in several observations and can be easily tracked from one 
observation to the next. The movement of the polarization features in 
these observations is from east to west which is in the same sense as 
the retrograde mean zonal motion determined previously from the 
movements of the ultraviolet clouds from the OCPP images (Limaye et al . 
1982) . 


The speeds of such features when they can be seen in three or more 
successive observations is roughly 188 ms-1 which is quite comparable 
to that of the ultraviolet features. Greater accuracy is not possible 
in these measurements due to the limited spatial resolution of the 
polarimetry mode observations. The nominal uncertainty is approximately 
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Du* to th* largo variation in the visibility o-f the polarization 
-features with phase angle as well as the low spatial resolution of the 
observations, it is not generally possible to track such features in 
only a pair of observations separated by about 4 to 5 hours, but at 
least three, and ideally four observations are needed. Unfortunately, 
the number of such observations obtained at a phase angle of around 6io 
during the nominal and extended missions is rather limited and thus 
only a few measurements can be obtained. 

Nevertheless a small number of measurements of polarization 
feature movements were made. It was not possible to compare directly 
the motions of a given feature in different wavelength as the texture 
and the visibility of a given feature generally is very different in 
each wavelength. Thus, comparison of the motions in different 
wavelengths can only be made though ensemble averages for each 
wavel ength . 

Figure 13 presents results of the measurements of the motions of 
the polarization features at the four wavelengths for the zonal 
component only. Table III gives a summary of the results in terms of 
the number of points, RMS deviation etc. The results are averaged in 
15° degree latitude bins with the resultant average value of the zonal 
component of the motions of the features assigned to the average 
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latitude o-f the observations in that particular bin. In many instances 
on]y a single observation was available. It should be emphasized here 
that these results should be considered as only indicative o-f the 
movements o-f the features and not as definitive results due to the 
immense difficulty and uncertainties involved. 

No consistent differences between the movements of the 
polarization features in the different wavelengths can be confidently 
detected except perhaps for 270 nm polarization features which have 
noticeably faster zonal speeds. However, the confidence in the 270 nm 
data is low due to the extremely low contrasts visible in the 
polarization data. In any case the low resolution of the data as well 
as difficulties in finding features in the different wavelengths make 
the task a difficult one. If indeed the polarization features are 
caused mostly by the sub-micron sized haze particles above the main 
cloud layer, then one would expect somewhat different cloud motions in 
terms of either the speed or the direction when compared to the motions 
of the ultraviolet clouds. Simple visual tracking techniques are 
inadequate for detecting small differences in movements as seen in the 
different wavelength data and more sophisticated techniques beyond the 
scope of the present work may prove fruitful in this regard. 

These observations show that at least in some instances 
polarization features (i> persist for periods as long as a day, and (ii) 
their apparent movements on the disk of V^enus are analogous to the 
movements of the ultraviolet clouds lending credence to the suggestion 
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th*t th#y *r* the «ign»ture of some polarizing scatterers that are being 
carried together as an entity or a cloud mass with the ambient 
atmospheric flow. Mhatever the reasons(s) they appear due to, they must 
be intimately related to the ultraviolet contrasts considering the 
similarity in morphology, movements, and lifetimes. 
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4.8 Summary 

Tht prtfont investigation has shown that there are unmistakable 
features in the polarization data. The visibi I ity of these features 
depends on the phase angle and also appears to be time dependent 
•evolution of the cloud/haze mixture. These features last long enough to 
be tracked over a period as long as a day, enabling them to be used as 
traces of atmospheric motion. The larger scale features such as the 
bow-shaped features last longer and can be seen at least four to five 
days later after they presumably have gone all the way around the 
planet. 


The structure seen in the distribution of the polarization amount 
over the disk of ^enus in all wavelengths is similar to that of the 
ultraviolet contrasts. However, a given feature need not appear the 
same in all the wavelengths as could be expected due to the strong 
dependence of the observed polarization amount on the wavelength. This 
is also evidenced by the weak but complex phase dependent relationship 
between the amount of observed polarization and the contrast in the 
unpolarized intensity at that location in a given wavelength. It is 
possible that the structure seen in the shorter wavelengths is at a 
somewhat higher level than that seen in the two longer wavelegths. The 
results of Esposito and Travis <1982) are significant in this respect in 
that they suggest that ultraviolet contrasts have differential amounts 
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oi tha haza matarial abova theai. 

This ra) ationship batwaan tha appaaranca oi tha structura in tha 
poalrization data and tha ultraviolat contrasts is consistant with tha 
immansa tima variation saan in tha poalrization data if tha cloud/haza 
structura is avolutonary in soma ragard, i.a. is tha haze being created 
in the brighter (ultraviolet) portions of the clouds^ etc 7 A detailed 
monitoring of the structura of the polarization data as a function of 
time as wall as position on tha disk of Oanus should provide some clues. 

An attempt was made to determine tha motions of the features in a 
series of four observations obtained in a succession. Unfortunately the 
number of such sequences obtained in tha early part of tha Pioneer 
Uanus mission was too small to allow a more exhaustive effort in 
determining the movements of these features. No systematic large 
differences were obvious in the average zonal speeds of the polarization 
features tracked at the four wavelengths except perhaps the 279 nm 
features which show somewhat faster speeds, although the low spatial 
resolution of the polarization data is a serious drawback. 

Thera are many puzzling questions still left to be answered. 
Foremost of all is tha question,* why do these polarization features 
become more visible at moderate phase angles?* Mhat causes them? At 
what altitude do they correspond to? etc. The analysis of the OCPP 
images has shown that there are many time variations as well. The 
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ultraviolot clouds ar* known to ba intiutnead by tha atmospharic 
circulation. Mhat is tha influanca o'f tha atmospharic circulation on 
tha polarization faaturas? 

Soma o-f thasa quastions can ba tack I ad with -furthar analysis. 
This study raprasants only an initial stap. It is likaly that 
additional data wilt ba avai labia ^rc^ tha Pionaar Vanus Orbitar in 
futura. Mora observations in the polar imatry mode par orbit would 
anhanca tha alraady axisitnq data but would allow a battar study o-f tha 
ralationships batwaan tha uitraviolat contrasts and tha ovarlying haze. 
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Figure Captions 

Figure 1. Phase angle variation -for the polar imetry observations 
obtained from the OCPP instrument. 

Figure 2. An example of a composite view of the linearly and 

1 ogar i thmical 1 y scaled polarization amount in the rectangular and polar 
projections as well of the unpolarized intensity and the direction of 

polarization, for 270 (a), 365 (b> , 550 <c) , and 935 nm (d) data. The 

top row represents the linearly scaled polarization amount, the left 
most image representing the rectangular map about the sub-spacecraft 
meridian while the two images on the right represent respectively the 
northern and the southern hemisperes in polar stereographic projection. 
The middle row has the same format as the top row except that it 
represents the unpolarized intensity. The positive and negative 

polarization amounts scaled logarithmically are shown in the two left 
most images in the bottom row in a rectangular map similar to that for 
the linearly scaled polarization and intensity data. The right most 
image in the bottom row represents the variation of the direction of 
pol arization . 

Figure 3. Minnaert plots showing the relationship between and/f^^o on 
a logarithmic scale for observations taken at 4.0 (a), 11.89 <b) , 28.6 
<c), 42.8 (d) , 51.8 (e) , 62.9 <f) , 88.5 (g) , and 99.00 (h) . The least 
squares fit to the data for each wavelength are also shown. The 
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resultant values o-f the intercept and slopes for the fitted lines are 
indicated on the top in each figure. 

Figure 4. Variation of a^^ intercept value from Minnaert fit, as a 
function of phase angle. This represents the intensity observed at 
normal viewing angle for the case of normal incidence (i.e. when both /i 

= 1) » and is hence proportional t- the “normal albedo*. The 

values of a^ beyond about 180° phase angle may be unreliable. 

Figure 5. Variation of the coefficient of determination of the least 
squares solution to the observed data shown in Figure 3. The linear 
coefficient of correlation between ln\I/<) and root 

of the coefficient of determination. As can be seen the Minnaert fit 
is very poor beyond 1080 phase angle. 

Figure 6. Variation of the limb darkening coefficient, or the slope 

of the least square fit line (Figure 3) as a function of phase angle. 

Comments regarding variation a 

“ o apply in this case as well. 

Figure 7. Variation of contrast defined as the absolute deviation from 
the Minnaert law intensity variation (a), and the corresponding root 
mean square value (b) . 

Figure 3. Variation of the coefficient of correlation between (a) 
observed polarization amount and the contrast as a function of phase 
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angle, and, <b) dependence o-f the coefficient of correlation between the 
observed polarization amount and the direction of polarization, on the 
p-<ase angle. 

Figure 9. Variation of disk integrated absolute polarization amount 
(a), the direction of polarization <b) , and tho observed intensity (c) . 

Figure 16. Montage of selected pol ar - '..ation images at 278 (a), 365 (b) , 
550 (c) , and 935 nm (d) , and unpciar ze1 intensity images at 270 (e) 
and 365 nm <f) . Observations are presented at roughly 5o phase angle 
interval. Table II gives the relevent information about the specific 
observations shown. 

Figure U. An example of structure seen in the variation of direction 
of polarization over the disk. This observation (#138) was obtained at 
365 nm. 

Figure 12. Time series of polar imetry observations obtained on a orbits 
44 (a), 80 (b), 333/334 (c) , 336/337 <d) , 337/338 <e) , and 339/340 (f) . 
From left to right the images represent the 270, 365, 550 and 935 nm 

polarization amount (positive and negative, linearly scaled with 128 UM 
representing the zero percent le*'el), and the 365 nm intensity, all in 
rectangular projection. The first row represents the first observation 
in a sequence and subsequent observations are presented in successive 


rows. 


The nominal time interval between the first observation and the 
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next one on the satne orbit is between 4 and 5 hours. 

Figure 13. Average zonal speed oi the movements of polarization 
features for each wavelength as indicated by the different curves. 
These results were obtained by tracking polarization features in 
successive observations (Figure 12) in each wavelength, and then 
averaging the zonal components obtained in 150 wide latitude bins. 
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Tabl* I. OCPP Polarimetry Observations used in this study. SCLAT and SCL(>< 
re-fer to sub-spacecraft point on Venus, while SSLAT and SSLON refer to the 
sub-solar point on Venus. All quantities refer to the center of Venus, i .e. 
when the OCPP optic axis passes through vhe Venus center during a particular 
observation . 
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Phase 

(Deg) 

Range C 

(Km) SCLAT 

e 1 
SCLON 

e s t i a 

SSLAT SSLON 

eees 

0004 

8 

DEC 

1978 

342 

28: 10 

85 

112.9 

51435.4 -35.8 

34.1 

-1.1 

-85.5 

9809 

8086 

18 

DEC 

1978 

344 

17:48 

42 

110. 1 

34892.8 -48.8 

48.8 

-1.2 

-82.4 

0010 

0006 

18 

DEC 

1978 

344 

21:58 

47 

109.9 

58138.5 -30.8 

32.8 

-1.3 

-82.1 

0811 

0087 

11 

DEC 

1978 

345 

03:37 

19 

107.9 

66802.5 -17.e 

27.5 

-1.3 

-81.7 

0012 

0007 

11 

DEC 

1978 

345 

12: 17 

20 

108.4 

33463.2 13.2 

19.3 

-1.3 

-81.1 

0014 

0008 

12 

DEC 

1978 

346 

22: 18 

24 

107. 1 

58418.0 -33.6 

32.0 

-1.4 

-78.8 

0815 

0009 

13 

DEC 

1978 

347 

04:01 

05 

104.8 

66739.6 -16.7 

27.4 

-1.5 

-78.5 

00 U 

0089 

13 

DEC 

1978 

347 

12:36 

43 

97.1 

32936.4 13.5 

19.1 

-1.5 

-77.9 

0028 

0010 

14 

DEC 

1978 

348 

12:49 

57 

95.4 

32421.9 14.0 

19.0 

-1.6 

-76.2 

0821 

0018 

14 

DEC 

1978 

348 

18:31 

13 

105.8 

35594.3 -47.5 

39.9 

-1.6 

-75.9 

0822 

0018 

14 

DEC 

1978 

348 

22:47 

01 

104.1 

59147.8 -30.0 

31.8 

-1.6 

-75.6 

0826 

0011 

15 

DEC 

1978 

349 

23:05 

42 

102.6 

59618.5 -29.7 

31.7 

-1.7 

-73.9 

0836 

8038 

4 

JAN 

1979 

004 

06:02 

31 

70.9 

66865.4 -19.2 

28.2 

-3.0 

-42.6 

0838 

8032 

6 

JAN 

1979 

086 

06:16 

13 

67.8 

66823.2 -19.0 

28.2 

-3.1 

-39.3 

0039 

8033 

7 

JAN 

1979 

007 

06:22 

06 

66.2 

66824.5 -19.0 

28.2 

-3.1 

-37.7 

0041 

8035 

9 

JAN 

1979 

009 

06:32 

48 

63.1 

66817.3 -19.0 

28.2 

-3.2 

-34.4 

0042 

0048 

13 

JAN 

1979 

013 

22:10 

29 

72.1 

35957.1 -47.2 

48.2 

-3.3 

-26.9 

0056 

0043 

16 

JAN 

1979 

816 

16:19 

00 

44.2 

35189.5 11.3 

19.5 

-3.4 

-22.4 

0860 

8844 

17 

JAN 

1979 

017 

12:38 

16 

45.1 

56996.4 -5.2 

24.1 

-3.4 

-21.0 

0861 

0844 

17 

JAN 

1979 

017 

16:22 

34 

42.6 

35253.5 11.2 

19.5 

-3.4 

-20.8 

0862 

0044 

17 

JAN 

1979 

017 

22:27 

14 

67.9 

35914.4 -47.1 

48.3 

-3.4 

-20.4 

8865 

8045 

18 

JAN 

1979 

018 

12:43 

33 

43.4 

56933.5 -5.2 

24.1 

-3.4 

-19.4 

0066 

8045 

18 

JAN 

1979 

813 

16:25 

50 

41.1 

35425.7 11.1 

19.5 

-3.4 

-19.2 

0067 

0046 

19 

JAN 

1979 

019 

14:51 

53 

40.0 

46841.2 2.3 

22.0 

-3.4 

-17.6 

0069 

8048 

21 

JAN 

1979 

021 

10:41 

21 

40.9 

63501.9 -11.2 

25.8 

-3.4 

-14.7 

0071 

0058 

23 

JAN 

1979 

023 

10:46 

50 

37.8 

63568.6 -11.3 

25.9 

-3.4 

-11.4 

0073 

8052 

25 

JAN 

1979 

825 

11:00 

37 

34.4 

63272.8 -10.9 

25.7 

-3.4 

-8.2 

0074 

0053 

26 

JAN 

1979 

026 

11:03 

29 

32.9 

63238.2 -10.9 

25.7 

-3.4 

-6.5 

0832 

9059 

2 

FEB 

1979 

833 

07:29 

07 

28.6 

66564.1 -19.7 

28.5 

-3.2 

4.6 

8083 

8060 

2 

FEB 

1979 

033 

23:03 

23 

53.9 

34925.8 -47.6 

41.1 

-3.2 

5.6 

0084 

0068 

3 

FEB 

1979 

034 

02:45 

50 

38.1 

56683.9 -31.6 

32.8 

-3.2 

5.9 

0085 

6061 

3 

FEB 

1979 

034 

13:59 

34 

16.8 

54411.9 -3.2 

23.4 

-3.2 

6.6 

0888 

0061 

4 

FEB 

1979 

035 

02:46 

04 

37.2 

56678.3 -31.6 

32.8 

-3.2 

7.5 

0689 

8062 

4 

FEB 

1979 

035 

13:59 

49 

15.2 

54436.8 -3.2 

23.4 

-3.1 

8.2 

0093 

0863 

6 

FEB 

1979 

837 

02:46 

57 

35.4 

56576.5 -31.7 

32.9 

-3.1 

10.7 

0094 

8064 

6 

FEB 

1979 

037 

14:00 

85 

11.9 

54502.4 -3.2 

23.4 

-3. 1 

11.5 

0097 

0064 

7 

FEB 

1979 

838 

02:47 

07 

34.6 

56576.3 -31.7 

32.9 

-3.8 

12.3 

0104 

006? 

11 

FEB 

1979 

042 

13:55 

31 

4.0 

54807.3 -3.4 

23.5 

-2.3 

19.5 
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Table I (continued) 

Map# Orb# Date DOY HHshWsSS Phase Range C e 1 e s t i a 

(Deg) (Km) SCLAT SCLQN SSLAT SSLON 


ene 

0071 

13 

FEB 

1979 

044 

13:52 

!08 

1.1 

54973.6 

-3.5 

23.5 

-2.7 

22.7 

0116 

0073 

15 

FEB 

1979 

046 

13:43 

i56 

2.7 

55478.5 

-3.9 

23.6 

-2.6 

25.9 

0124 

0079 

21 

FEB 

1979 

052 

22:46:54 

46. 1 

33826.2 

-48.0 

41.6 

-2.2 

36.2 

0126 

0080 

22 

FEB 

1979 

053 

13:33 

00 

13.7 

55344.6 

-3.6 

23.5 

-2.1 

37.2 

0127 

0080 

22 

FEB 

1979 

053 

17:05 

49 

24.0 

33623.7 

13.0 

18.6 

-2.1 

37.4 

0128 

0080 

22 

FEB 

1979 

053 

22:45 

28 

46.0 

34025.7 

-48.0 

41.5 

-2.1 

37.8 

012<? 

3080 

23 

FEB 

1979 

054 

02:20 

14 

30.2 

55754.2 

-32.0 

33.0 

-2.1 

38.0 

0132 

0081 

23 

FEB 

1979 

054 

22:42 

48 

46.0 

33973.1 

-48.0 

41.5 

-2.0 

39.4 

0134 

0082 

24 

FEB 

1979 

055 

13:30 

12 

16.9 

55133.9 

-3.5 

23.5 

-2.0 

40.4 

0136 

0083 

25 

FEB 

1979 

056 

13:25 

03 

18.5 

55375.1 

-3.6 

23.5 

-1.9 

42.0 

0133 

0083 

25 

FEB 

1979 

056 

22:37 

17 

46.2 

33968.3 

-48.0 

41.5 

-1.9 

42.6 

0139 

0083 

26 

FEB 

1979 

857 

02:09:57 

31.6 

55503.6 

-32. 1 

33.1 

-1.9 

42.8 

0140 

0084 

26 

FEB 

1979 

057 

13:21:27 

20.1 

55444.8 

-3.7 

23.6 

-1.8 

43.6 

0143 

0684 

27 

FEB 

1979 

058 

02:04 

11 

32:3 

55332.9 

-32.2 

33.1 

-1.8 

44.4 

0144 

0085 

27 

FEB 

1979 

058 

13:16 

36 

21.6 

55593.1 

-3.8 

23.6 

-1.7 

45.2 

0147 

0086 

28 

FEB 

1979 

059 

23:56 

54 

39.4 

44747.7 

-39.8 

36.5 

-1.6 

47.5 

0149 

0087 

1 


1979 

068 

23:53 

40 

39.8 

44819.0 

-39.7 

36.5 

-1.5 

49.1 

0153 

0089 

3 

MAR 

1979 

062 

23:56 

11 

40.4 

45800.8 

-39.0 

36.1 

-1.4 

52.3 

0155 

8090 

4 

mR 

1979 

063 

23:52 

39 

41.1 

45762.9 

-39.0 

36.1 

-1.3 

53.9 

0157 

0091 

5 

MAR 

1979 

064 

23:46 

07 

41.9 

45501.3 

-39.2 

36.2 

-1.2 

55.4 

0161 

0093 

7 

hWR 

1979 

066 

23:37 

20 

43.4 

45288.3 

-39.4 

36.2 

-1.0 

58.6 

0163 

0094 

8 

r^R 

1979 

067 

23:24 

48 

44.6 

44323.1 

-40.0 

36.5 

-0.9 

60.2 

0165 

0094 

9 

\^R 

1979 

068 

04:47 

04 

37.4 

64653.1 

-23.3 

29.7 

-0.9 

60 . 6 

0166 

0095 

9 

MAR 

1979 

068 

15:03 

41 

40.7 

43031.8 

5.6 

21.0 

-0.9 

61.2 

0169 

0097 

11 

MAR 

1979 

070 

14:52 

39 

43.7 

43453.1 

5.3 

21.1 

-0.7 

64.4 

0172 

0100 

14 

hWR 

1979 

073 

15:01 

32 

48.8 

42068.9 

6.5 

20.8 

-0.4 

69.2 

0175 

0101 

15 

MAR 

1979 

074 

10:46 

55 

45.9 

61902.0 

-8.7 

25.2 

-0.3 

70.5 

0176 

0101 

15 

MAR 

1979 

074 

15:04 

58 

50.2 

42391.2 

6.3 

20.9 

-0.3 

70.8 

0177 

0102 

16 

MAR 

1979 

075 

14: 15 

43 

50.3 

47974.5 

2.2 

22. 1 

-0.2 

72.3 

0178 

0104 

13 

mR 

1979 

077 

09:53 

21 

50.2 

64397.6 

-11.5 

26.0 

-0.1 

75.2 

0180 

0107 

21 

I^R 

1979 

080 

14:18 

59 

57.8 

49859.3 

0.9 

22.5 

0.2 

80.3 

0131 

0109 

23 

f^R 

1979 

082 

14:49 

18 

61.4 

47842.3 

2.3 

22.1 

0.4 

83.5 

0185 

0113 

27 

rv»R 

1979 

086 

14:57 

02 

67.5 

48740.9 

1.7 

22.3 

0.8 

89.8 

0138 

0117 

31 

f^R 

1979 

090 

15:26 

45 

74.0 

47705.9 

2.4 

22.2 

1.2 

96.2 

0191 

0121 

4 

APR 

1979 

094 

15:50 

06 

80.4 

47010.3 

3.0 

22. 1 

1.5 

102.5 

0192 

0126 

9 

APR 

1979 

099 

16:15 

00 

88.3 

46579.3 

3.2 

22.0 

1.9 

110.5 

0194 

0129 

12 

APR 

1979 

102 

16:22 

14 

93.0 

47050.9 

2.9 

22.1 

2.1 

115.2 

0196 

0130 

13 

APR 

1979 

103 

16:24 

30 

94.5 

47248.1 

2.7 

22.2 

2.2 

116.8 

0199 

0133 

16 

APR 

1979 

106 

16:32 

02 

99.2 

47518.5 

2.5 

22.2 

2.4 

121.5 

0201 

0135 

18 

APR 

1979 

108 

16:44 

33 

102.4 

46965.0 

2.6 

22.2 

2.5 

124,7 

0202 

0137 

20 

APR 

1979 

110 

16:49 

56 

105.6 

47006.1 

2.8 

22. 1 

2.7 

127.9 
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Tab)* 1 (continutd) 


Map# Orb# Date DOY HH;MM:SS Phase Range C e I e s t i a 

(Deg) (Km) SCLAT SCLON SSLAT SSLON 


8203 

8138 

21 

APR 

1979 

111 

16 

52 

39 

107.2 

46995.5 2.8 

22.1 

2.7 

129.5 

8284 

8141 

24 

APR 

1979 

114 

17 

02 

02 

111.9 

46748.6 3.0 

22.1 

2.9 

134.2 

8285 

0142 

25 

APR 

1979 

115 

17 

16 

28 

113.7 

45564.7 3.8 

21.8 

2.9 

135.8 

6286 

8144 

27 

APR 

1979 

117 

17 

28 

06 

117.0 

44643.1 4.5 

21 .6 

3.0 

139.0 

0214 

0173 

27 

MAY 

1979 

147 

81 

48 

02 

137.6 

49725.0 -36.0 

34.8 

3.2 

-174.4 

8215 

0173 

27 

MAY 

1979 

147 

86 

28 

18 

150.1 

64889.8 -22.6 

29.4 

3.2 

-174. 1 

0218 

0174 

27 

f^Y 

1979 

147 

23 

48 

24 

129.5 

37396.9 -45.0 

39.3 

3.2 

-173.0 

8219 

0174 

28 

MAY 

1979 

148 

03 

49 

05 

145.2 

58842.2 -29.1 

31.7 

3.2 

-172.7 

8228 

0175 

28 

MAY 

1979 

148 

08 

s42i26 

155.9 

66380.0 -17.1 

27.6 

3.2 

“172.4 

0223 

0175 

29 

MAY 

1979 

149 

82t01 

07 

148.8 

51901.5 -34.4 

34.1 

3.1 

-171.2 

8231 

0177 

31 

MAY 

1979 

151 

83 

16 

28 

147.3 

58102.4 -29.6 

32.2 

3. 1 

-168.0 

8232 

0177 

31 

mr 

1979 

151 

88 

86 

46 

158.8 

66351.5 -17.7 

27.9 

3.0 

-167.6 

0237 

8178 

1 

JUN 

1979 

152 

01 

23 

05 

142.3 

50601.5 -35.3 

34.6 

3.0 

-166.5 

0241 

0179 

2 

JUN 

1979 

153 

81 

36 

23 

143.2 

51112.7 -35.1 

34.5 

3.0 

-164.9 

8242 

0180 

3 

JUN 

1979 

154 

01 

39 

31 

143.5 

50653.5 -35.4 

34.6 

2.9 

-163.3 

0243 

0181 

4 

JUN 

1979 

155 

06 

11 

03 

157.2 

65067.5 -22.9 

29.7 

2.9 

-161.4 

0244 

0182 

5 

JUN 

1979 

156 

81 

47 

31 

144. 1 

49933.1 -35.9 

34.8 

2.8 

-160.1 

0245 

0132 

5 

JUN 

1979 

156 

06 

19 

11 

157.9 

65063.9 -22.9 

29.7 

2.8 

-159.8 

8246 

0225 

17 

JUL 

1979 

198 

17 

25 

44 

113.6 

47577.3 3.1 

22.0 

-0.7 

-91.6 

0248 

8226 

18 

JUL 

1979 

199 

17 

22 

32 

112.1 

47811.3 2.9 

22.1 

-0.8 

-90.0 

0261 

8238 

30 

JUL 

1979 

211 

17 

28 

35 

92.8 

47562.9 3.1 

22.1 

-1.9 

-70.6 

0262 

0241 

2 

AUG 

1979 

214 

17 

52 

45 

87.6 

45524.3 4.6 

21.7 

-2.1 

-65.7 

0269 

8246 

7 

AUG 

19/9 

219 

17 

07 

29 

30.4 

50308.1 1.1 

22.7 

-2.5 

-57.6 

8303 

0292 

23 

SEP 

1979 

266 

84 

44 

09 

37.6 

47773.2 -36.8 

35.4 

-2.9 

17.3 

0304 

0293 

24 

SEP 

1979 

267 

84 

53 

18 

37.0 

47734.9 -36.8 

35.4 

-2.3 

19.4 

8305 

0294 

25 

SEP 

1979 

268 

85 

83 

58 

36.5 

47798.7 -36.8 

35.4 

-2.3 

21.0 

0313 

0383 

3 

OCT 

1979 

276 

14 

18 

36 

14.7 

66733.0 -15.1 

27.2 

-2.3 

34.5 

0422 

0310 

11 

OCT 

1979 

284 

11 

14 

03 

27.7 

63611.9 -23.9 

30.1 

-1.6 

47.1 

0425 

0311 

12 

OCT 

1979 

285 

11 

19 

21 

28.7 

63559.3 -23.9 

30. 1 

-1.6 

48.7 

0428 

0312 

13 

OCT 

1979 

286 

11 

23 

42 

29.8 

63468.5 -24.0 

30.1 

-1.5 

50.3 

8431 

0313 

14 

OCT 

1979 

287 

11 

31 

58 

30.9 

63530.1 -23.9 

30. 1 

-1.4 

51.9 

8434 

8314 

15 

OCT 

1979 

288 

11 

32 

36 

32. 1 

63336.2 -24.1 

30.2 

-1.3 

53.5 
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Tabit I (continued) 


Map# Orb# Date DOY HH:MM:SS Phase Range C e } e s t i a 

(Deg) (Km) SCLAT SCLON SSLAT SSLON 


0437 

0315 

16 

OCT 

1979 

289 

11 

!35 

29 

33.3 

63203.2 

-24.3 

30.2 

-1.2 

55.1 

0440 

0316 

17 

OCT 

1979 

290 

11 

l38 

.04 

34.6 

63081.4 

-24.4 

30.3 

-1.1 

56.7 

0445 

0313 

19 

OCT 

1979 

292 

10 

!06t42 

38.7 

57888.6 

-29.1 

32.0 

-1.0 

59.8 

0451 

0320 

21 

OCT 

1979 

294 

10 

45 

31 

40.5 

5<>440.4 

-27.8 

31.5 

-0.8 

63.0 

0453 

0321 

22 

OCT 

1979 

295 

09 

47 

21 

42.8 

55413.9 

-31.0 

32.6 

-0.7 

64.6 

0469 

0324 

24 

OCT 

1979 

297 

22 

51 

07 

46.8 

48396.2 

3.2 

21.9 

-0.4 

68.6 

0492 

0329 

30 

OCT 

1979 

303 

13 

24 

23 

51.8 

63985.6 

-23.3 

29.8 

0.1 

77.5 

0495 

0333 

2 

NOU 

1979 

306 

23 

58 

55 

61,2 

47215.2 

4.1 

21.8 

0.4 

83.0 

0496 

0333 

3 

NOV 

1979 

307 

09 

44 

27 

58.2 

49304.3 

-35.3 

34.3 

0.4 

83.6 

0497 

0333 

3 

NOV 

1979 

307 

14 

31 

02 

57.7 

65242.9 

-21.5 

29.2 

0.5 

83.9 

0498 

0334 

3 

NOV 

1979 

307 

19 

41 

10 

59.2 

63895.9 

-9.5 

25.6 

0.5 

84.3 

0499 

0334 

4 

NOV 

1979 

308 

00 

01 

33 

62.7 

47524.9 

3.9 

21.8 

0.5 

84.5 

0500 

0334 

4 

NOV 

1979 

308 

09 

51 

47 

59.4 

49400.9 

-35.3 

34.3 

0.5 

85.2 

0501 

0334 

4 

NOV 

1979 

308 

14s32- 

52 

59.1 

65118.9 

-21.7 

29.3 

0.6 

85.5 

0502 

0335 

5 

NOV 

1979 

309 

09 

55 

35 

60.7 

49208.9 

-35.4 

34.3 

0.6 

86.8 

0503 

0336 

6 

NOV 

1979 

310 

09 

58 

29 

61.9 

48918.3 

-35.6 

34.4 

0.7 

88.4 

0504 

0336 

6 

NOV 

1979 

310 

14 

33 

24 

62.1 

64827.0 

-22.2 

29.4 

0.7 

88.7 

0505 

0337 

6 

NOV 

1979 

310 

19 

44 

21 

63.8 

64383.0 

-10. 1 

25.8 

0.8 

89.0 

0506 

0337 

7 

NOV 

1979 

311 

00 

09 

12 

67.2 

48458.0 

3.2 

22.1 

0.8 

89.3 

0507 

0337 

7 

NOV 

1979 

311 

10 

01 

51 

63.2 

48657.3 

-35.8 

34.4 

0.8 

90.0 

8508 

0337 

7 

NOV 

1979 

311 

14 

34 

42 

63.5 

64687.7 

-22.4 

29.5 

0.8 

90.3 

0509 

0338 

7 

NOV 

1979 

311 

19 

43 

58 

65.3 

64596.2 

-10.4 

25.9 

0.3 

90.6 

0510 

0338 

8 

NOV 

1979 

312 

00 

12 

22 

68.8 

48725.3 

3.0 

22.1 

0.9 

90.9 

0511 

0333 

8 

NOV 

1979 

312 

10 

04 

06 

64.5 

48395.3 

-36.0 

34.5 

0.9 

91.5 

0512 

0333 

8 

NOV 

1979 

312 

14 

36 

17 

65.0 

64566.5 

-22.5 

29.5 

0.9 

91.8 

0513 

0339 

3 

NOV 

1979 

312 

19 

45 

29 

66.9 

64710.9 

-10.6 

25.9 

0.9 

92.2 

0514 

0339 

o 

NOV 

1979 

313 

00 

15 

01 

70.3 

49020.4 

2.8 

22.2 

1.0 

92.5 

0515 

0339 

? 

NOV 

1979 

313 

10 

07 

49 

65.7 

48095.7 

-36.2 

34.6 

1.0 

93. 1 

0516 

0339 

9 

NOV 

1979 

313 

14 

35 

44 

66.4 

64353.2 

-22.8 

29.6 

1.0 

93.4 

0517 

0340 

9 

NOV 

1979 

313 

19 

45 

51 

68.4 

64879.2 

-10.8 

26.0 

1.0 

93.8 

0518 

0340 

10 

NOV 

1979 

314 

00 

17 

58 

71.8 

49375.0 

2.6 

22.3 

1.0 

94. I 

0521 

0341 

11 

NOV 

1979 

315 

00 

21 

34 

73.3 

49562.7 

2.4 

22.3 

1.1 

95.6 

0523 

0342 

11 

NOV 

1979 

315 

19 

49 

26 

71.5 

65075.4 

-11.1 

26. 1 

1.2 

96.9 

0524 

0342 

12 

NOV 

1979 

316 

00 

24 

38 

74.8 

49733.2 

2.2 

22.4 

1.2 

97.2 

0527 

0343 

13 

NOV 

1979 

317 

00 

26 

46 

76.3 

50159.0 

2.0 

22.5 

1.3 

98.3 

0530 

0344 

14 

NOV 

1979 

318 

00 

30 

45 

77.9 

50279.7 

1.9 

22.5 

1.4 

100.4 

0542 

0349 

19 

NOV 

1979 

323 

01 

32 

55 

86.4 

47109. 1 

4. 1 

2i.9 

1.3 

103.4 
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Table I <continued) 

Mapti Orb# Date DOY HHtttItSS Phase Range Celestial 

(Deg) (Km) SCLAT SCLON SSLAT SSLON 


0545 

0350 

20 

NOV 

1979 

324 

01:34:18 

87.9 

47396.9 

3.9 

22.0 

1.9 

110.0 

0548 

0351 

21 

NOV 

1979 

325 

01:45:07 

89.5 

46348.6 

4.3 

21.9 

2.0 

111.6 

0550 

0352 

22 

NOV 

1979 

326 

01:47:27 

91.1 

47159.3 

4.1 

21.9 

2.0 

113. 1 

0551 

0354 

23 

NOV 

1979 

327 

21 i36:21 

90.7 

63816.5 

-9.5 

25.7 

2.2 

116.0 

0558 

0360 

30 

NOV 

1979 

334 

02:25:52 

103.7 

47057.6 

4.1 

21.9 

2.6 

125.8 

0559 

0361 

30 

NOV 

1979 

334 

22:08:39 

101.7 

63746.0 

-V.5 

25.7 

2.6 

127.1 

0560 

0361 

1 

DEC 

1979 

335 

02:26:33 

105.2 

47355.9 

3.9 

22.0 

2.6 

127.4 

0561 

0362 

1 

DEC 

1979 

335 

22:12:50 

103.3 

63722.1 

-9.5 

25.7 

2.7 

128.7 

0562 

0362 

2 

DEC 

1979 

336 

02:27:14 

106.7 

47571.6 

3.7 

22.0 

2.7 

129.0 

0563 

0364 

3 

DEC 

1979 

337 

22:21:09 

106.5 

63622.3 

-9.4 

25.6 

2.8 

131.9 

0570 

0366 

6 

DEC 

1979 

340 

02:39:37 

113.8 

47626.9 

3.6 

22.0 

2.9 

135.3 

0572 

0367 

7 

DEC 

1979 

341 

02:41:25 

114.6 

47703.6 

3.6 

22.0 

3.0 

136.9 

0573 

0368 

7 

DEC 

1979 

341 

22:20:21 

112.6 

64019.5 

-9.9 

25.8 

3.0 

138.2 

0574 

0368 

3 

DEC 

1979 

342 

02:43:12 

116.2 

47759.9 

3.5 

22.0 

3.0 

138.5 

0575 

0369 

8 

DEC 

1979 

342 

22:22:08 

114.2 

64036.5 

-10.0 

25.8 

3.0 

139.8 

0576 

8369 

9 

DEC 

1979 

343 

02:45:02 

117.7 

47818.8 

3.5 

22.1 

3.0 

140.1 

0577 

8370 

9 

DEC 

1979 

343 

22:22:13 

115.7 

64107.5 

-10.1 

25.8 

3.1 

141.4 

0578 

0370 

10 

DEC 

1979 

344 

02:45:56 

119.3 

48040.4 

3.3 

22.1 

3. 1 

141.7 

0579 

8371 

10 

DEC 

1979 

344 

22:21:56 

117.2 

64212.1 

-10.2 

25.9 

3.1 

143.0 

0580 

0371 

11 

DEC 

1979 

345 

02:46:40 

120.8 

48165.1 

3.2 

22.1 

3.1 

143.3 

0581 

0394 

2 


1980 

002 

22:28:20 

153.5 

63289.2 

-9.2 

25.5 

3.3 

179.5 

0583 

0394 

3 

JAN 

1980 

003 

11:21:14 

130.7 

42610.7 

-39.9 

36.9 

3.3 

-179.7 

0584 

0394 

3 

JAN 

1980 

003 

15:11:33 

142.7 

60550.5 

-26.5 

31.1 

3.3 

-179.4 

8 ’'87 

0395 

4 

JAN 

1980 

004 

04:19:15 

156.1 

35089.2 

13.3 

18.8 

3.3 

-178.6 

0588 

0395 

4 

JAN 

1980 

004 

11:08:02 

130.9 

41494.8 

-40.7 

37.3 

3.3 

-178. 1 

0589 

0395 

4 

JAN 

1980 

004 

14:53:12 

143.3 

59802.5 

-27.1 

31.4 

3.3 

-177.9 

0590 

0396 

4 

JAN 

1980 

004 

19:52:19 

152.9 

66368.1 

-15.1 

27.3 

3.3 

-177.5 

0592 

0396 

5 

JAN 

1980 

005 

04:16:17 

157.2 

34973.0 

13.4 

18.8 

3.2 

-177.0 

0597 

0397 

6 


1980 

006 

04:12:35 

158.2 

34898.5 

13.5 

18.7 

3.2 

-175.4 

0599 

0397 

6 

JAN 

1980 

006 

14:48:24 

145.7 

59985.7 

-26.9 

31.3 

3.2 

-174.7 

0604 

0398 

7 

JAN 

1980 

007 

14:43:01 

146.7 

59961.2 

-26.9 

31.3 

3.2 

-173.1 

0607 

0399 

8 

JAN 

1980 

008 

04:02:35 

160.1 

34945.6 

13.5 

18.7 

3,2 

-172.2 

0608 

0399 

8 

JAN 

1980 

008 

10:50:35 

134.3 

41517.4 

-40.6 

37.3 

3.1 

-171.8 

0609 

0399 

3 

JAN 

1980 

008 

14:35:29 

147.6 

59794.8 

-27.0 

31.4 

3. 1 

-171.5 

0610 

0400 

8 

JAN 

1980 

008 

19:33:29 

158.3 

66324.5 

-15.0 

27.3 

3. 1 

-171.2 

0612 

0400 

9 

JAN 

1980 

009 

03:55:53 

161.1 

35152.4 

13.3 

18.7 

3.1 

-170.6 

0613 

0400 

9 

JAN 

1980 

009 

10:45:04 

135. 1 

41578.2 

-40.5 

37.3 

3. 1 

-170.2 

0614 

0400 

9 

JAN 

1980 

009 

14:30! 10 

148.6 

59876,7 

-27.0 

31.4 

3. 1 

-169.9 

0617 

0401 

10 

JAN 

1980 

010 

10:52:47 

135.9 

41715.4 

-40.5 

37.3 

3.1 

— 168 .6 

0618 

0401 

10 

JAN 

1980 

010 

14:39:52 

149.6 

68153.7 

-26.9 

31.3 

3.1 

-168.3 
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Table I (continued) 


Map# Orb# 


Date 

DOY 


Phase Range 

(Deg) (Km) 

C 

SCLAT 

e 1 e 

SCLON 

0419 

0402 

10 

JAN 

1980 

010 

19:41:11 

140 . 7 

44731.2 

-14.9 

27.2 


0425 

0403 

12 

JAN 

1980 

012 

17:53:27 

158.9 

44207. 1 

-19.4 

28.7 


0424 

0404 

13 

JAN 

1980 

013 

12; 19:23 

143.4 

48932.8 

-35.3 

34.8 


0427 

0404 

13 

JAN 

1930 

013 

14:41:53 

154.7 

44418.8 

-22.4 

29.7 


0428 

0405 

14 

JAN 

1980 

014 

12:24:24 

143.9 

48842.4 

-35.4 

34.8 


0432 

0407 

14 

JAN 

1980 

014 

12:37:44 

145.3 

49035.0 

-35.1 

34.7 


0435 

0408 

17 

JAN 

1980 

017 

12:34:45 

145.4 

48539.0 

-35.5 

34.9 


0434 

0408 

17 

JAN 

1980 

017 

17:11:49 

159.7 

44451.4 

-22.0 

29.4 


0438 

0409 

18 

JAN 

1980 

018 

12:41:38 

145.9 

48431.3 

-35.4 

34.9 


0445 

0422 

31 

JAN 

1980 

031 

03:02:39 

157.0 

49534.4 

2.7 

21.9 


0448 

0424 

1 

FEB 

1980 

032 

22:44:58 

154.9 

44333.2 

-9.9 

25.7 


0449 

0424 

2 

FEB 

1980 

033 

03:04:51 

153.8 

49205.9 

3.0 

21.9 


0450 

0425 

2 

FEB 

1980 

033 

22:49:14 

155.4 

44140.1 

-9.4 

25.4 


0451 

0425 

3 

FEB 

1980 

034 

03:04:49 

152.1 

48927.4 

3.2 

21.8 


8452 

0424 

3 

FEB 

1980 

034 

22:54:08 

153.8 

43939.4 

-9.4 

25.5 


0453 

0424 

4 

FEB 

1980 

035 

03:09:33 

150.5 

48545.4 

3.5 

21.7 


0454 

0428 

5 

FEB 

1980 

034 

22:57:09 

150.7 

4:-754.8 

-9.1 

25.5 


0448 

0430 

8 

FEB 

1980 

039 

02:50:34 

144.8 

50941.8 

1.9 

22.2 


0444 

0432 

10 

FEB 

1980 

041 

03:02:05 

141.4 

50748.5 

2.1 

22.2 


0444 

0433 

11 

FEB 

1980 

042 

03:08:11 

140.0 

50414.8 

2.2 

22.2 


0668 

0434 

12 

FEB 

1980 

043 

03:13:32 

138.4 

50413.5 

2.2 

22.2 


0472 

0 ^?? 

14 

FEB 

1980 

045 

23:27:09 

134.4 

44247.7 

-9.4 

25.4 


0473 

0437 

15 

FEB 

1980 

044 

03:31:07 

133.5 

50144.8 

2.4 

22.1 


0474 

0439 

14 

FEB 

1980 

047 

23:39:59 

133.4 

44144.8 

-9.3 

25.4 


0477 

0439 

17 

FEB 

1980 

048 

03:42:27 

130.2 

49974.2 

2.7 

22.1 


0478 

0440 

17 

FEB 

1980 

048 

23:44:25 

131.7 

44071.4 

-9.2 

25.5 


0479 

0440 

18 

FEB 

1980 

049 

03:43:09 

128.4 

49811.8 

2.9 

22.1 


0483 

0442 

20 

FEB 

1980 

051 

03:59:21 

125.4 

49585.4 

3.0 

22.1 

- 

0435 

0459 

8 

MAR 

1980 

048 

13:51:53 

105.3 

4i:44.2 

-40.4 

34.4 

- 

0484 

0459 

8 

MAR 

1980 

048 

18:00:29 

103.2 

40984.4 

-25.7 

30.4 

- 

0487 

0440 

8 

MAR 

1980 

048 

23:07:03 

100.7 

44411.7 

-13.5 

24.8 

- 

8488 

0440 

9 

MAR 

1980 

049 

03:44:52 

97.7 

55423.1 

-1.4 

23.5 

- 

0490 

0440 

9 

MAR 

-^0 

049 

13:43:22 

104. 1 

40534.4 

-41.0 

34.8 

- 

0491 

0440 

9 

MAR 

1940 

049 

18:04:58 

101.7 

41153.3 

-25.5 

30.4 

- 

0493 

0441 

10 

MAR 

1980 

070 

03:50:33 

94.0 

55348.7 

-1.3 

23.4 

- 

0494 

0441 

10 

tV^R 

1980 

070 

07:21:13 

91.4 

33714.7 

15.3 

18.8 

- 

0495 

0441 

10 

f-WR 

1980 

070 

13:54:38 

102.8 

40954.4 

-40.7 

34.7 

- 

0494 

0441 

10 

tV»R 

1980 

070 

18: 14:57 

100.2 

41398.5 

-25.3 

30.5 

- 

0497 

0442 

10 

MAR 

1980 

070 

23:20:43 

97.4 

44304.2 

-13.2 

24.8 

- 

0498 

0442 

11 

MAR 

1980 

071 

03:57:08 

94.3 

55038.9 

-1.0 

23.4 

- 


« t i a 1 
SSLAT SSLON 


3.1 -166.0 

3.0 ‘164.9 

2.9 ‘163.7 

2.9 ‘ 163.4 

2.9 - 162.1 

2.8 >158.9 

2.7 -157.3 

2.7 -157.0 

2.7 -155.7 

1.8 -135.5 

1.4 -132./ 

1.4 -132.3 

1.4 -13: .0 

1.5 -130.7 

1.5 -129.4 

1.5 -129.1 

1.3 -124.2 

1.1 -122.7 
0.9 -119.5 
0.8 -117.9 
0.7 -114.3 
0.5 -111.7 
0.4 -111.4 
0.3 -108.5 
0.3 -108.2 
0.2 -104.8 
0.2 -104.4 
0.0 -103.3 

1.4 -75,2 

1.4 -74.9 

1.7 -74.4 

1.7 -74.3 

1.7 -73.4 

1.7 -73.3 

1.8 -72.4 

1.8 -72.4 

1.8 -72.0 

1.8 -71.7 

1.8 -71.3 

1.8 -71.0 
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Map# Orb# Data DOY HHiMMiSS Phast Rang* C • 1 * s t i a 

(D*g) (Km) SCLAT SCLQN SSLAT SSLCIN 


-- 

0^99 

0442 

11 

MAR 

1980 

071 

07 

t23) 

09 

90.1 

33755.4 15.3 

18.8 

-1.9 

-70.8 

0780 

8442 

11 

PAR 

1980 

071 

13 

i59i 

24 

101.5 

41247.0 >40.5 

34.4 

-1.9 

-70.3 

9701 

0442 

11 

rvtR 

1980 

071 

18 

i21i 

03 

98.4 

41405.9 -25.1 

30.4 

-1.9 

-70.0 

8703 

0443 

12 

MAR 

1980 

072 

03 

;59i 

40 

92.7 

55083.5 -1.1 

23.4 

-1.9 

-49.4 

0704 

8443 

12 

MAR 

1980 

072 

07 

«27i 

01 

88.5 

33543.4 15.5 

18.8 

-1.9 

-49.1 

0705 

8443 

12 

MAR 

1980 

072 

15 

$37i 

28 

99.0 

50892.5 -33.4 

33.5 

-2.0 

-48.4 

0704 

0443 

12 

hMR 

1980 

072 

20 

i 14: 

28 

94.1 

45394.5 -20.5 

28.9 

-2.0 

-48.3 

0707 

8444 

13 

MAR 

1980 

073 

01 

:24: 

17 

93.0 

43413.4 -8.5 

25.4 

-2.0 

-47.9 

0708 

8444 

13 

MAR 

1980 

073 

05 

i38! 

12 

89.4 

44902.8 4.9 

21.8 

-2.0 

-47.4 

0713 

0444 

15 

mR 

1980 

075 

15 

t08i 

24 

95.3 

47441.0 -35.9 

34.4 

-2.2 

-43.8 

0715 

0447 

14 

MAR 

1980 

074 

15 

:12i 

45 

94.0 

47897.3 -35.7 

34.4 

-2.3 

-42.1 

0714 

0447 

14 

mR 

1980 

074 

19 

i43 

40 

90.3 

44297.5 -22.1 

29.5 

-2.3 

-41.8 

0717 

0448 

17 

MAR 

1980 

077 

15 

i 15i 

13 

92.4 

47944.0 -35.7 

34.4 

-2.3 

-40.5 

0718 

8448 

17 

MAR 

1980 

077 

19 

i48i 

39 

88.8 

44391.8 -22.0 

29.4 

-2.3 

-40.2 

0719 

0449 

18 

MAR 

1980 

078 

15 

tl7. 

50 

91.2 

47994.2 -35.7 

34.4 

-2.4 

-58.9 

0720 

0449 

18 

hMR 

1980 

078 

19 

1 49 

59 

87.3 

44349.1 -22.0 

29.4 

-2.4 

-58.4 

0721 

8470 

19 

MAR 

1980 

079 

15 

Il9 

24 

89.9 

48029.3 -35.4 

34.4 

-2.5 

-57.3 

0722 

0470 

19 

MAR 

1980 

079 

19 

t52i 

40 

85.7 

44399.7 -22.0 

29.4 

-2.5 

-54.9 

0724 

0471 

20 

mR 

1980 

080 

05 

i32i 

00 

78.4 

48749.3 3.5 

22.2 

-2.5 

-54.3 

0728 

0472 

21 

mR 

1980 

081 

19 

i5S 

04 

82.4 

44470.4 -21.9 

29.4 

-2.4 

-53.7 

0729 

0473 

22 

mR 

1980 

082 

15 

i25 

59 

85.8 

48093.5 -35.4 

34.4 

-2.7 

-52.4 

0730 

0473 

22 

mR 

1980 

082 

20 

:00 

59 

81.1 

44479.0 -21.9 

29.4 

-2.7 

-52.1 

9731 

0478 

27 

mR 

1980 

087 

15 

t34 

52 

79.1 

48087.0 -35.4 

34.4 

-2.9 

-44.2 

0733 

0557 

14 

JUN 

1980 

144 

04 

|54 

00 

40.3 

49484.7 3.4 

22.0 

0.4 

82.3 

0734 

0557 

14 

JUN 

1980 

144 

14 


22 

57.5 

47274.7 -35.5 

34.4 

9.4 

83.9 

0735 
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Tabl# I (continued) 
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Latitudinally averaged results on the movements of polarization 
Bin width is 15o Qf latitude. 
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Figure 10c 
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Figure 12a 
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Figure 12c 
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